
536 MONTHLY WEATHER REVIEW DECEMBER, 1925 

The hair hygrometer should be standardized at tem- 
peratures down to - 40’ or lower, by comparison,: with 
the chemical h grometer or other apparatus the errors 

Doct.nr Sver- 
drup’s modified as iration. psyc ronieter, in which m e  

be useful, since it is free from instrumenta errirm un- 
avoidable when t.herniometers are used, but the lisual 
precautions regarclinv mana ement and esposiire, etc., 
will be nece,, 
ments should e sufficient to determine the probable 
errors of hair hygrometers as a class, and t.hereaftrr 
changes of zero or range can be detected by comparisons 
at  tem eratures above freezing. 

I t  s E o d d  be stated, however, that a!t.licJugh the. es- 
tension of this w d  is most desirable, accumulated 
experience and the data already at  hand intlicate clca.rlj- 
that a t  the present t.init! records of 1ii:midity in coli1 
climates could be iniproved ver decidedly hy the iiSe 

The relative merits of psychrcrniet.era ant1 hair hj-glnm- 
eters under such conditions canbest be statecl in this w-ay: 

(1) The statement of the increase of error of t.lie p y -  
chrometer, quoted from several authorities, n.ssiini(Js the 
use of ood inst.runients under “ research” c‘cindit.iiins : 
a proba B le error of &20 per cent a t  -20‘’ might ensilv 
increase to f30 per cent or more vilien inatnlnienta wit,]i 
unknown errors are employed by unt.rtlinec1 o1.mrwrs. 

(2) Hair hygrometers are not. appreciably affected by 
tem eratures within the atniospieric range. T1:i.j is 
evi a ent from the fact that the s m i o  inst,runimt cnn be 
used throughout the year without nd’ustnient.. 

hair hygromet,er increases ut tem eratures below freezing; 
on the contrary, all the data we lave si1 >ports t.he probti- 

temperatures. It is highly improbable that any elenlent 
other than moisture can affect hair at  low temperatures, 
and no other has been suggested. One very import,unt 

R of which shoul B not exceed 10 er cent,. 

employed thermopi Y es reading t.0 O.OO1° C.! romices t,o 

TLe stan f ardization of several inst,ru- 

P 
. 

of the hair hygrometer when t t e temperature is low. 

(3) There is no evidence at  hand t 1 iat the error of the 

bility that it is no larger at  Yery low t. h an at  moderate 

aclvnntage possessed by the hair hygrometer-obvious to 
all-is that, since readings can be made “ a t  sight” before 
the surrounding air is intiuenced by tho observer’s body, 
the data are not subject to the errors of condition YO 
difficult to avoid when the ps chrometer is employed. 

is not known to increase at  low temperat,ures, we can not 
do better than to use the one that will come nearest to 
yielding the data desired. Even if 6he data are to an 
indefinite estent qualitative, the clirectir.~ of a change of 
condition is often of more importance’~an its e:;t.ent. 

As s u v p  ted for t.he aerological ’dions. two instru- 
ments, &e hyorograph and (t simple, nonrecorcling instru- 
ment !prefera%ly of the single-hair type), could he kept 
in use a,t all northern stations and the nietin of their read- 
ings rtdupted as t.he rclatire humidity at  any observation. 
Under ordinq-  circumstances. the change of zero (the 
only scrious delect of the hair hygronieters) can be found 
lint1 corrected by means of comparisons with the psy- 
chrometer when the tem xrature is above freezing, tak- 

aptinst artificial hentino, etc. Changes of range, oh- 
i.ioiisly, cnn be CletecteiP by the same method  hen the 
r:ingc of humidity within a short period of t.iine is large; 
but a nicsrc satisfactory met.hoc1, part.icularly in winter. 
when t,he humic1it.y in licntcrl rooms is low, is that of 
wmparing the instruments at t,he conditions prevailing 
in tlie room ani1 aft.erwarils clet,rrniining the crrors of 
t.he hair hygrc-meters near saturation hy coverinv t.hem 
with a saturated bath towel. The highest humichy or- 
dinarily attainable by t.his niet.hod in a dry room is about 
M or 97 per cent; but, while we nixy agree with Napier 
Shaw in our dislike for a method that does not quite give 
us the saturation point, we know from esperience t,hat a 
hsir hygrometer adjusted to rend 96 per cent under a 
moist cloth will read 100 per cent when the air itself is 
saturatcil--and t,he method is so simple that it can be 
used by anyone.-&‘. P. Ftrgu.sson. 

Consequent1 when one o ? two methods fails (as we 
know the psyc E rometer does) and the error of the other 

ing c:ire to venti1at.e bot f 1 instruments and protect them 

T H E  EAST WIND AND ITS LIFTING EFFECTS A T  FORT SMITH,  ARKANSAS 
By TRUMAN G. SHIPMAN 

[Weather Burwu Office. Fort Smtth, Ark., December 16, IWl 

Fort Smith is located in western Arkansas on the hanks 
of the Arkansas River. While it has a continentd cli- 
mate, it is far enough east to escape the severe eflects 
of the “norther” of the western plains and is near 
enough to the Gulf of Mesico to hare its winter tempcra- 
ture moderated by southerly winds. The surroupding 
topogra hy is the cause of several local €eatures of cli- 
mate. f t  is my purpose to discuss them because thcy 
have a bearing on local forecasts. 

The Arkansas River at Fort Smith flows through a 
valley which is many miles wide in eastern Oklahoma, 
but narrows to almost a point 100 miles east of Fort 
Smith. North of the valley are the Boston Mountains, 
which extend €rom northeastern Oklahoma about two- 
thirds across Arkansas, and reach elovations of about 
2 300 feet in Newton County, Ark. The Ozark Plateau, 
about 40,000 square miles in extent, lies northeast of 
the valley. South of the valley, a range of hills and 
mountains, beginning with the Arbuckle and Ouachita 
Mountains in southeastern Oklahoma, extends eastward 
to&entral Arkansas. Peaks in this ridge reach elevations 
of 2,500 to 3,000 feet, although the avera e height is less. 

wide end of a V-shaped lowland. 
Thus it is seen that Fort Smith is near t % e center of the 

The most striking Ieature of climate a t  Fort Smith is 
the prevailing east wind, which blows 4 1  er cent o€ the 

winds are expected in the winter season and southerly 
in the suimner. The wind is mainly a plateau-valley 
breeze, although the seasonal low pressure area over tHe 
center of the continent in summer is a contributing factor 
in increasing the percenta e at that season. The wind 

result of the more rapid nocturnal cooling there than 
that which takes pluce a t  the lower elevations. It flows 
thence down the southern slo e of the Ozarks and, as it 
reaches the valley floor, its girection is determined by 
the trend of the valley. Since the eastern end of the 
valley has only a narrow outlet, the air flows towards the 
wider opening in the west, thereby becoming an east 
wind. 

I t  is the o inion of the writer that this wind is rather 

depth; that its depth is the elevationpf the plateau 
above the valley and tapers to nothingtabout 50 miles 
west of Fort Smith. 

time. This occurs in B region where nort r 1 to northwest 

originates on the Ozark P 7 ateau to the northeast; as a 

shallow, per I? aps not more than 1,500 to 2,000 feet in 

The conditions above Fort Smith 
_ _  __  __ . __ 

1 U. 9. W. B., Bull. F, Report of Kite Observations, 1898, p. 20. 
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vary from those observed at other stations-made during 
the same year where kite observations were made. The 
differing conditions appeared at elevations from 1,500 to 
2,000 feet and support t.he above opinion. To quote the 
bulletin, " The meant:decrease in temperature with in- 
crease of altitude was 6.1 degrees for each 1,000 feet,. 
The uradient decreased slowly up to 2,000 feet and quite 
rap& thereafter, a departure from tlie conditions pre- 
v# .ling elsewhere." However, kite observations were 
m ,de in the da time and differences are undoubtedly 
m me pronounceiat night. uotin Bulletin F furt.lier, 

mornings and afternoons, and the means were exactly 
egual. The gradients also difierecl but little up to the 
different altitudes, except a t  1,000 feet, where t.he morn- 
ing one was 2.0 degrees larger.', Also, 'iTlie ciesr snd 
cloudy weather gradients were esactly dike up to 2,000 
feet; u to 1,500 feet, the cloudy was 1.2 degrees lnr er 

the clear weather ones were the greater.'' 
Fort Smith lies in a region of considerable atniosph eric 

instability. Thunderstorms occur here when they ap- 
pear a t  no other lace on the weather map. False 

ing current. Occasionally cumulus or cumulo-nimbus 
bases are observed moving in a different direction from 
which the summits are moving. 

A tabulation to determine tlie esact, percentage of 
nighttime east winds and daytime east winds lins not 
been made, nevert.heless, an inspection of the prevailing 
hourly directions recorded in the Ciinintologicd Record, 
and of several individual monthl 7 records of prevailing 

percentage of east winds at  night averages over 50 
most of the year. Since the east wind is cool, it  flows 
close to the surface of the earth. Thus while it pre- 
vails it lifts other winds which are passing over the 
valley. This lifting tendency has an important bearing 
on forecasts for precipitation and temperature made for 
Fort Smith and adjacent territory. 

It is a cause of delayed tem erature effects a t  Fort 

Frequently during the first. day of a cold wave in the 
surrounding country, the cold is still 1,000 to 2.000 feet 
above Forb Smith unless the west,erly wind is strong 
enough to displace the easterly. The coldest weather 
in sudden drops of temperat>ure at  Fort Smith usually 
comes on the second morning, or at tlie tinie the cent,er 
of the cold area lies northeast of Fort Smith, in such a 
position that the anticyclonic outflow coincides with 
the predominating easterly wind, which then carries the 

" 2he observations were equally Q f  ivided between the 

than t R e clear one, while up to the remaining xlt,itu f es, 

cirri are sometimes o R served near the base of the overflow- 

hourly wind direction, supports t ll e conclusion that the 

Smit.h, as well as of the reduce I f  number of cold waves. 

cold into t.he valley. Northwest Arkansas had 31 cold 
waves in 10 years while Fort Smith had but 19. Tem- 
peratures in cold waves are several degrees colder a short 
distance west of Fort Smith in Oklahoma because the 
lifting effects of the easterly wind is not operative there. 

The overcoming influence of westerly winds is apparent 
in the increase of percents-es of winds from westerly 
directions as the average vancities for these directions 
increase. 
TABLE 1.-Average pcrcenfage of hours of wind movement from each 

direction, Fort Smith, Brk.,  7-year period, 1919-1964 

(See Tables 1 and 1.1 

'r.4~1,~ 2.-.4verage honrly wind velocity, ?nile$ per hour, from each 
direction, Fort Smith, Ark., 7-year period, 191s-1924 
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Another lifting tendency effect of the east wind is 
a parent when we study the hourly precipitation for 
&rt Smith (Table 3). The principal ma..imum of 
hourly precipitation for the year, a t  1O:OO p. m., local 
standard time, is caused by the liftin of the warm, 

current which has started as soon after sunset as the more 
ra id nocturnal cooling on the plateau has become 

in Table 3 shows that this lifting is effective a t  all sea- 
sons; althou h it is the least eifective in summer. I n  

rains due to lifting; and, furthermore. tho atmospheric 
moisture is probubly rcduced by convection to such a 
point that the lifting influence is not effective in producing 
precipitation when the valley breeze begins. 

moisture-laden valley air by the under a owing easterly 

e H ective. An inspection of the sumniations by seasons 

this season b: aytime convectional rains escced in amount 

a W. B. N o .  533, Woather Forccistiog in the United States, p. 148. 
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TABLE 3.-Hourly occurrences and hourly toials of precipitation, Fort Smith, Ark., 1904-1993, inclusive 
. . . . . . -. .. . - 

A. M. P. M. - 
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lght - 
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53 
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42 
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9 
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5R 
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- 

09 
2 47 
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I 

I I  

60 
1.81 
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?. 10 
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61 
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65 
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1.48 
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65 
4.44 

39 
2.80 

44 
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46 
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- 

- 
5 
- 

67 
2.08 

61 
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47 
1.24 

155 
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53 
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57 
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I70 
7.95 

32 
4.60 

31 
1.94 

35 
4.14 
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10.58 

39 
2.97 

44 
3. m 

48 
1.91 

IZI 
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- 
8 
- 
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78 
1.61 

so 
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70 
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52 
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41 
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4 52 

62 
1.43 
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3. 15 
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3.49 , 
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2. 02 

iI 
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1.07 

217 
5.28 

6 i  
1.85 

70 
1.45 

80 
2.52 

56 
1.2s 
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s. 2s 

68 
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80 
3.14 

70 
3.40 

218 
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3.33 

34 
2.85 

61 
3.44 
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9.62 

54 
2 13 

51 
3.24 

61 
1.24 
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IO. 28 
- 
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1.60 
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1.34 
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4.25 

48 
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48 
293 

46 
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51 
2.14 
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- 
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55 
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2.76 
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i 
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1.96 
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2.84 
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1.71 
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- 
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4.67 

36 
1.09 
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1.85 
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1.91 
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1.82 
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44 
2 65 

48 
3. 15 
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52 
2.11 

44 
1.62 

09 
1.47 

165 
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18. 89 
- 

39 
224 

44 
2.97 

I30 
9.83 

52 
3.25 

48 
2.31 

62 
2 18 
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19.95 
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mum temperature, due to nocturnal cooling. Such-: a 
masimum appears in the tables under discussion at 5 a. m. 
However it is thepleast .of theLmmimn. 

The,three causes of precipitationi discussed are not 
often operntire on the same day a t  Fort Smith. Any one 
of them o eratina any length of time is likely to deprive 
the air o?availagle moisture. When one has operated, 
or is operating, i t  is unlikely that the others will become 
effective soon with any degree of frequency. In  summer, 
when thunderstorms occur and convection has taken place 

There are for the year ns a whole, three imsima of 
hourly precipitation a t  Fort Smith;,the,principnl one a t  
10 p. m. has been discussed nbove.:;;.The one a t  5 p. m. 
is due to rain caused by convection;nnil,the effects are 
more ronounced in the values for spring;nnrl summer. 
Since P owering the.temperature-of..a rolunic df nir reduces 
its capacity for moisture, increases its relative. humidity, 
and, if carried far enough-will produce. condensation and 
precipitation, an increase in the hourly amounts of precip- 
itation would be expected a t  the time of the daily mini-<, 
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late in the afternoon, it is most unljkely that any precipi- 
tation will occur at night 8s a result of the liftin tendency, 

This is evidenced by the high 3 p. m. totals on the slims 
for June, July, and August, the season when thunrler- 
storms are most. frequent and the lower totals a t  10 p. ni. 
when the lifting process should be active. On the other 
hand, if the time for t.he convective rains pnsses, without 
precipitation and the air is moisture lnclen, the lifting 
tendency is almost certain to produce precipitation ns soon 
as the cool air sinks to the valley and lifts the moist air. 

The totals for autumn, wint,er, and spring show slightly 
increased values a t  10 p. m., when the lifting process is 
active, over the values late in the afternoon when con- 
vection is predominant. 

The minimum at 12 noon is the result of increased 

since the atmospheric moisture has been grea tf y reduced. 

Kting effect in roducing 
attributed direct P y to any 
the absence of an 

ma and the rapid returns to both minima are indicative of 

effect in causing precipitation and of relieving the air o f the sudden eflectiveness of convection and of the liftin 

available moisture. An inspection of curves drawn from 
vnlues in the tables leads to the conclusion that it re- 
quires about two hours for the lifting process to become 
eflective here. 

An ntlcled proof that lifting of warm air as described 
above is an important physicid rocess in producing pre- 

precipitation at cooperative stations located on the 
southern edge of the OznrB Plateau? These stations 
show increased vnlues at points where this process is 
first oper. ‘1 t’ ive. 

The hourly occurrences of precipitation (Table 3), 
regnrclless of nniount, show a maximum at S a. m. and 
n mininiuni at 1 3. in. The lack of eye observations at  
night may play n small part in causing the minimum at 
night, but thnt is not the only cause. The season with 
the lnrgest winber of hours with precipitation, winter, 
is also the ?.i.nson with the least amount of recipitation 

cesses at  work durin the warin season are more effective 
in producing rainfa! than the processes active during 
the cold senson are. 

cipitntion is found in the mont r ily and annual totals of 

as shown by the hourly totals. It proves t B. at the pro- 

- -- - .__ 

3 Cliiatologicd Data for United States by sections, w. 47 and 48,1917 Ed. 

T H E  WEATHER OF 1925 IN T H E  UNITED STATES 

By ALBnm J. HENHY 

Ten~perccture.-~4s R whole, the ytmr must be olassi?d iLs 
a warm one, thus completing ti series of five consecutiire 
warm years beginning with 1931. February, March, and 
April, 1925, were warm, from 3 to 5 degrees tibow the 
average; no abnormally cool weather occurred until 
October, that month being unusunlly cool in the Mis- 
souri and upper Mississippi Valleys and in parts of the 
Plains States. October was also characterized bp the Table 1. 

occiirrenc‘e of rather early tinil heavy snow in the northern 
ltockv Mounixin region. December wus warm until 
the rhw of the month, when n cold spell reached the 
Gulf region. 

The .pow-tphic clistribution of the temperature abnor- 
mdity is syikn in Figure 1, und the monthly departure 
froni thc norind for geographic districts is presented in 

TABLE l.-Temperulitre depurtures, 1925 

Dhtrlct 1 Jan. I Feh. 

+23 i +5.1 
4-3.0 I f3.9 

- 

.. . . 

dug. 

+o. 3 
-0.0 +o. 0 

+o. 4 
+l. 1 
+I. 0 

+o. 8 +o. 5 
+2. 3 
+3.7 
+I. 1 
+3.1 

+o. 1 
-0. 1 
-1.2 

-1.4 
-2 1 
0.0 

-0.1 
-0.6 
-1.0 

+o. 3 

- -. .. ._ - - 
I 

Sept. Ort 

__- 
-0.3 -6.7 
+3.3 -3.5 
+7.0 -0.4 

4-0.511 -1.0 

+l. 1 ’ 4-0.7 
-0.9 I +0.5 
-1.2 I -0.4 

4-22 I -4.2 

- . . -. . .- .. . 

N O ~ .  1 Dee. 11 E:% 
departure 

+0.4 +0.2 i 4 . 6  
-0.8 -0.1 +as 
-1.9 -1.4 +1.4 

+0.4 $0.1 +a8 
-1.4 -25 4-1.6 
-0.5 -4.0 4-1.4 

-1.4 -29 I +LO 

+a2 +1.2/ +0.4 +c5 1 4-20 +i.a 

-0.8 -1.7 -0.1 
-1.1 -2.6 ao 
+2.5 +4.3 +12 
-1.0 -a7 +a7 
4-1.0 -0.3 +1.6 

-0.4 -28  +as 

-0.2 I +o.i I( +I.Z 

Pr~cipituEion.-Precipitation was deficient in the great 
majority of districts; i t  was most pronounced in the 
north Pacific States, the Atlantic States south of Vi’irginia, 
also in the Gulf region. Them was more than the normal 
precipitation in the region stretching from southein 

Utah and southcim Nevada northeastward to the Cana- 
dian border. Smaller tireas of more than the average 
rtiinfall may be found in various parts of the country- 
Figure 2 and Tnblc 2. 


